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Abstract 
A micro temperature sensor has been designed and fabricated on a capillary by surface micromachining. Considering 
cylindrical capillary surface used as the substrate, a new and home-made spray coating system has been developed 
and the effect of heater and process parameters on the photoresist film is also evaluated. The capillary with coated 
photoresist has been successfully patterned using our previous cylindrical projection lithography equipment. Platinum 
as a stable noble metal was selected to form the key sensing element. Magnetron sputtering and lift-off processes 
were used to fabricate the temperature sensor on the capillary with 300μm outside diameter. Finally, the fabricated 
temperature sensor was characterized by scanning electron microscope. The fabricated micro temperature sensor can 
be widely used as an important intervention monitoring device in several biomedical applications, especially in the 
hyperthermia. 
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1. Introduction 
According to the recent statistics from the American Cancer Society, cancer is still the most dangerous 
disease for human in the world. Clinical studies have shown that hyperthermia is an effective way in the 
treatment of a variety of cancers, whose objective is to raise the temperature above 42°C for a sufficient 
period of time to kill tumor while preserving normal physiological temperatures in the surrounding tissue 
[1]. Therefore, it is very important to develop a special micro temperature sensor in order to measure 
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precisely temperature of the tumor exiting in the human. However, most of the current reported micro 
temperature sensors are fabricated on the one side of silicon or polymer film, which cannot uniformly 
sense and measure the temperature inside tumor [2, 3]. What’s more important is that essentially these 
sensors are very difficult to be implanted into the tumor for precisely measuring because of their large 
volumes. With regards to this, in the present work a micro resistance-temperature sensor on a thinner 
capillary is fabricated utilizing our developed spray coating and cylindrical projection lithography 
systems [4]. The sensing element of the sensor uniformly distributes on the cylindrical capillary surface. 
And the micro sensor can be also easily implanted into the tumor for realizing a more precise and uniform 
temperature measurement during the hyperthermia. 
2. Design of micro temperature sensor for hyperthermia 
 
Fig. 1. (a) The designed micro temperature sensor on the capillary surface is used to monitor the temperature during microwave 
hyperthermia; (b) sensing element configuration in the sensor; (c) main structural parameters of the temperature sensor 
 
The designed micro temperature sensor on the capillary for monitoring the temperature during 
microwave hyperthermia is shown in Fig. 1(a). One end of sensor can be intervened into the lesion, such 
as a tumor, to precisely monitor and control the temperature in order to avoid burning the around normal 
issue due to excessive temperature in the hyperthermia. This end includes twelve turns of platinum (Pt) 
coils as the sensing element of the sensor. It’s well known that Pt has a good resistance-temperature effect 
and here it will be used as the sensing element material to realize a high sensitivity in the micro 
temperature sensor. Another end of the sensor consists of two pads connecting to standard measuring 
circuit, which can easily and quickly show the measured temperatures. 
Fig. 1(b) and (c) show the sensing element configuration in the sensor and its corresponding main 
structural parameters, respectively. These coils consisting of the sensing element uniformly distribute on 
the circle surface of the capillary substrate. The outside diameter (OD) and inside diameter (ID) of the 
capillary is 300μm and 180μm, respectively. The line width of the coil is 20μm and its pitch is 40μm. Pt 
film will be obtained by magnetron sputtering and expected thickness is about 0.12μm. 
3. Micro-fabrication and characterization 
3.1. Spray coating resist on capillary surface 
A new spray coating system has been developed for various cylindrical substrates, such as capillary, 
fibre, tube and so on. There is a heater nozzle next to the spray nozzle for the real-time heating. Sketch of 
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the spray coating system is shown in Fig. 2(a). Pure nitrogen is flowed through the heater nozzle, warmed 
up and sprayed onto the capillary. Two temperature sensors are placed at the inside and outlet of the 
heater nozzle in order to control the temperature of nitrogen flow. The distance between the spray nozzle 
and the capillary, the rotation speed of the capillary and the scan speed of the spray nozzle can be 
independently adjusted. Finally, the whole home-made spray coating equipment is shown in Fig. 2(b). 
The spray solution consists of S1830 resist (Shipley Company LLC) and AZ 5200 thinner (AZ 
Electronics Materials), and the weight ratio of resist to thinner is 1. Fig. 2(c) shows the effect of the real-
time heating process on the thickness variation versus the nozzle/capillary distance. It can be found that 
heating process tends to obtain thicker resist film. What’s more important is that the prepared resist film 
would had poor quality if without the real-time heating process. 
 
    
  (a)      (b)                                                                    (c) 
Fig. 2. (a) Sketch of spray coating system with rotation and heater units; (b) corresponding home-made spray coating equipment for 
capillary and cylindrical substrates; (c) measured effect of the heating process on resist thickness versus nozzle/capillary distance 
3.2. Cylindrical projection lithography 
After spray coating the resist film was baked at 120°C for 20min. The projection exposure was done 
for the patterning the resist film utilizing our previously developed cylindrical projection lithography 
systems [4]. Then the Pt film sputtering and lift-off processes were carried out successively, as follows: 
 
   
             (a)                   (b) 
Fig. 3. (a) Micro-fabrication process procedure of the sensor; (b) optical photo of sensing element after lithography and development 
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(a) Capillary substrate ready and cleaning the surface of the capillary using plasma; 
(b) Spray coating resist film by above-mentioned method; 
(c) Exposure and patterning of the capillary with coated resist film by developed lithography method; 
(d) Magnetron sputtering Pt film onto the patterned capillary surface after development; 
(e)  Resist film was removed by lift-off and obtaining the micro temperature sensor on the capillary. 
Finally, the micro temperature sensor on the capillary has been successfully fabricated, as shown in Fig. 
4(a), which next to a coin for reference. From the scanning electron microscope (SEM) of the fabricated 
sensor in Fig. 4(b), it can be clearly seen that the coils consisting of the sensing element uniformly 
distribute on the capillary surface. The leading wire and pad in the sensor is also obviously visible.  
   
                      (a)                       (b) 
Fig. 4. (a) Fabricated micro temperature sensor on the capillary next to a coin for reference; (b) its scanning electron microscope 
4. Conclusion 
A micro temperature sensor with capillary substrate has been successfully fabricated by our developed 
spray coating and cylindrical projection lithography systems. The patterned and magnetron sputtering Pt 
film is used as the sensing material considering its good resistance-temperature effect. The fabricated 
sensor can be used as an important intervention monitoring device in several biomedical applications.  
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